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Epothllone C und 0 Herst»lluny urid MiCr.vl 



Die vorliegende Erfindung betrifft allgeraein Epothilonderivate 
und deren Verwendung zur Heretellung von Arxneimittelh. inebe- 
eondere betrifft die vorliegende Erfindung die Kerstellung der 
Epothiionderivate der nachfolgend dargeetellten allgemeinen For 
meln 1 bie 7 eovie deren Verwendur.g zur Herecellung von there- 
peutiochen Mitteln und Mitteln f Or den Pf lanzenechutz. 
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In den voracehenden Poraaln 1 bis Forael 7 bedeucen:| 

R - H, Cx^-Alkyl; I 
R 1 , R a , R 3 , R«. RS - H. C^-Alkyl, j 

Ci-6-Acyl-Benaoyl, j 

Cx^-Trialkylsilyl, 

Benzyl, j 

Phenyl, i 

Ci.g-Alkoxy-, 

C 6 -Alkyl-, Hydroxy- und Halogen -i 
eubaeituiercea Benzyl bzw. Phenyl; 
wobei aueh zwei der Rests R 1 bie R 5 zu der Cruppierung -<CH 2 > n - 
mit n - 1 bis 6 zueatnmentreeen kdnnen und ee sich beii den in den 
Reeten enchaltenen Alkyl- bzw. Acylgruppen urn gradkedclge Oder 
verzweigte Reace handelt; 

Y und Z aind entweder gleich oder verachieden und stahen jeweila 
far Waeserscoff , Halogen, wie F , CI, Br oder J, Pseudohalogen, 
wie -NCO, -NCS oder -N 3 , OH, 0- (Cj..^) -Acyl, o- (Ci.$) -Alkyl, O- 
Benzoyl. Y und z kftnnen auch das O-Atora einea Epoxide* aein, 
wobei Epochilon A und B niche beansprucht warden, ode* eine der 
C-C-Bindungen einer C»C-Doppelbindung bilden. 

In der formal 3 acehc X allgemein fur -C(0)-, -C(S)-,; -S(o)-. - 
CR 1 R 2 -, wobei R 1 und R 2 die Bedeutung haben win oben angegeben, 
und -SiRj-, wobei R die Bedeutung hat wie oben angegeben. 

In der Formal 4 bedeutee X Sauerstoff, NOR 3 , N-NR 4 ^,! und N- 
NHC0NR 4 R S , wobei die Reete R 3 bis R s die oben angegetene Bedeu- 
tung haben. 

In der Formal 5 bedeutet X Waeaeratoff, C^g- Alkyl, Pi-ia-AcY 1 * 
Benzyl, Benzoyl und Cinnamoyl. 1 



Fur Epoehllon A und B aei verwiesen auf DE-A-41 38 042. 
Verbindungen gemaa dar allgameinan Formal i sind auegehend von 
Epothilon A und B aowie von daran 3-o- und/oder 7-o-g eechutzten 
Derivaeen durch Offnung daa 12,13-Epoxid. zugangllchj Warden 
dazu Hydrogenwaaeeratoffaauren in einem bevorzugt niiht vaaeri- 
gen Loaungamittal eingeaetzt, wobei man die Halogenhydrine X - 
Hal, Y - OH und Y . OH. V - Hal erhait. Protoneneauran wia z.B. 
Toluolaulfonaaure und Trifluoreeaigeaure fuhren in Gegenwart von 
Waaaar zu 12, 13-Diolen, dia anechlieSend nach Standardverfahren 
acyliart (z.B, mit Carbonaauraanhydxiden und Pyridln loder 
Triethylamin/DMAP) odar alkyliart (Alkylhalogenide urid Silber- 
oxid) warden. Die 3- und 7 -Hydroxygruppen konnen dazu voruber- 
gahend ale Formiat (Abapaltung mit NH 3 /MeOH) odar p-Methoxy- 
benzylether (Abapaltung mit DDQ) geechutzt warden. 



Verbindungen gem&fl der allgemeinen Formal 2 aind aus Epothilon A 
und B aowie deren 3-0- und/oder 7-o-geachQtzcen Derivaten durch 
Reduktion, z.B. mit NaBH 4 in Methanol erhaitlich. SinH dabei 3- 
OH und/odar 7-OH raveraibal geachutzt, ao konnen nachl Acyiierung 
oder Alkylierung und Entfemen der Schutzgruppen 5-0-monoaubati- 
culerte, 3,S- oder S, 7-0-dieubacituieree Derivate den allgemei- 
nen Formel 2 erhalten warden. 



Umaetzungen von Epothilon A und B mit bifunktionelleni elektro- 
philen Reagenzien, wie (Thio) Phoagen, (Thio) Carbonyldlmidazol, 
Thionylchlorid oder Dialkyleilyldichloridan bzw. -bistriflaten 
ergeben Verbindungen der allgemeinen Formal 3. Ala Hllfabaaen 
dienen dabai Pyridin. Trlalkylamine, ggf . zuaammen mit DMAP bzw. 
2,6-Lutidin in einem nichtprociachen Loaungamittal. Die 3, 7 -Ace- 
tale der allgemeinen Formal 3 entatehen durch umacetalieierung 
z.B. von Dimathylacetalen in Gegenwart ainee aauren Katalyaa- 
cora , 



• 5 - 

/• : 

Verbindungen gemAfi der allgemeinen Formal 4 werden aua Epothilon 
A und 8 oder ihren 3-0- und/oder 7-o-geachatzten Derivacen durch 
Ozonolyse und redukcive Aufarbeitung, z.B. mit Dimechylaulf id, 
erhalten. Die C-lS-Ketone k*nnen anechliefiend nach dam Fachmann 
gelftufigen Standardverf ahren in Oxime. Hydrazone oder Semicarba- 
zone umgewandelt werden. 3ie werden weiterhin durch Vlittig-, 
Wittig-Homer-, Julia- oder Petereen-Olefinierung in Ic-16/C-17- 
Olefihe QberfOhrt. 

Durch Reduktion der C-16-Ketogruppe, z.B. tnit einem Aluminium- 
oder Borhydrid, aind die lG-Hydroxyderivate gemafi der allgemei- 
nen Formal 5 erhiltlich. Dlese kOnnen, wenn 3 -OH und 7-OH mit 
entaprechenden Schutzgruppen vereehen eind, aelektiv acylierc 
oder alkyliert warden. Die Freieetzung der 3~0H- und 7-OH-Grup- 
pen erfolgt z.B. bei O-Formyl durch NH 3 /MeOH, bei O-p-Methoxy- 
benzyl durch DDQ. 

Die Verbindungen der allgemeinen Forael * warden aua Uer'ivaten 
von Epothilon A und B erhalten, bei denen die 7-0H-G*iuppe durch 
Acyl- odar Ethergruppen geechiltzt iat, in dem die 3-OH-Gruppe 
2.B. fonoyliert, meeyliert oder toeyliert und anechlie&end durch 
Behandlung mit einer Baaa z.B. DBU aliminlart wird. Die 7-oh- 
Gruppe kann wie oben beechrieben freigeaetzt warden. 

Verbindungen der allgemeinen Formal 7 warden aua Epothilon A und 
B Oder daren 3 -OH- und 7-OH-geachOtzten Oerivacen durch toaeiacha 
Hydrolyee erhalten, z.B. mit NaOH in MeOH oder MeOH/w&aeer- Vor- 
rugeweiee werden verbindungen der allgemeinen Formal 7 aua Epo- 
thilon A odar B odar daren 3 -OH* oder 7-OH-geechQtzten Oerivacen 
durch enzymatieche Hydrolyee erhalten, inabeaondera mit Eatera- 
aan odar Lipaeen. Die Carboxylgruppe kann mit Diazoalkanen nach 
Schutz der 19-OH-Gruppe durch Alkylierung in Eater umgewandelt 
werden . 
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Femer k&nnen Verbindungen dar Formal 7 durch Lacconiaierung 
nach dan Methoden von Yamaguchi (Trichlorbenzoylchlorid/DMAF) 
coray (Aldriehiol/Triphenylpho.phin) oder Kallogg (omega-Broml 
aaure/Caaeiumcarbonae) in Varbindung dar Formal 2 umgewandelc 
warden. Einechlagige Arbeitamechoden finden aich ball 

Inanaga at al. in Bull. Cham. Soc. Japan. 52 (1979) 1989; 
Coray & Nicolaou in J. Am. Cham. Soc. 96 (1974) 5614; und 
Kruizinga & Kallogg in J. Am. Cham, soc, 103 (1981) ;S183. 

Zur Her.eallung dar erf indungegemaSen Varbinduhgen kann man auch 
von Epothilon C odar D auegehen, wobei zur Derivaelaierung auf 
dia voratahand beachriebenen Oerivatiaierungemechodert verwieaen 
wardan kann. Oabai kann man dia 12, 13-Doppclbindung eelexciv 
hydrieren, baiapialawaiaa katalyciach odar mlc Diimin; oder 
apoxidieren, baiapialawaiaa mit Oimeehyldioxiran oder ainer 
Pereaure; odar in die Dihalogenide . Dipaeudohalogenide oder 
Diazide umwandeln. 

Dia Erfindung beerifft farner Mittel fur den Pf lanzenachucz in 
Landwirtachafc, Foretwireeehafc und/oder Gartenbau, beatehend 
aua ainer oder mehreren der voratahand aufgefOhrcen Epochilon- 
derivate bzw. beacahend aua ainem odar mehreren der voracahend 
aufgefOhrcen Epochilonderivaca neben einem oder mehreren Obll- 
chen Trdger(n) und/oder Verdflnnungamitcel (n) . 

SchlieSlich betrifft die Erfindung therapeuclache Mittel, beaca- 
hend aua ainer oder mehreren der voreeehend aufgefOhrcen verbin- 
dungen oder ainer oder mehreren der voreeehend aufgefOhrcen Ver- 
bindungen neban einem oder mehreren ublichen Trdger(n) und/oder 
VerdOnnungemictel (n) . Dieae Miccel konnen inebeeondera cycotoxi- 
ache Aktivit&ten zeigen und/oder Immuneuppreaeion bewirken 
und/oder zur Beklmpfung maligner Tumore eingeaetzC werden, wobei 
aie beaondera bevorrugc ala Cyeoeeacika verwendbar aind. 



i 



Die Erfindung wird im folgenden durch die Beechreibung von aini- 
gen auagewahlten AuafOhrungabeiapielen naher erliuterc und be- 
schrieben. 



Beiepiele 

j 

Beiapiel it 
Verblndung la 

20 <ng (0.041 mmol) Epothilon A warden in 1 ml Aceton igeldet. mit 
50 iil (0.649 mmol) Trif luoreeaigsaure vereetzt und Ober Nachc 
bei SO °C geruhrt. Zur Aufarbeicung wird daa Reaktionegemiech 
mit l M Phoephatpuf fer pH 7 veraetit und die wiflrige Phaae vier- 
mal mic Ethylacaeat extrahiert . Die vereinigcen organiachen Pha- 
aen werden mit geaactigter Natriumchlorid-Waung gew*schen, Ober 
Natriumsulfat getrocknet und vom Ldeungsmittel bef relit. Die Rai- 
nigung dee Rohproduktee erfolgt mit Hilfe der prlparativen 
Schichtehromatographie (Laufmittel; Dichlormethan/Aceton, as : 
IS) . 

Auabeuce: 4 mg (19 %) Isomer I 
4 mg (19 %) isomer XX 

Xaoaer X 

Rf (Pichlormeehan/Aceton, 8S » 15) : 0.46 

IB (film) ; ny - 3440 (m, b, Sch) , 2946 (a. SCh) . 1734 

(va), 1686 (m), 1456 '(m), 137$ (w) , 1256 
(a, 3ch), 1190 (w, b, Sch), 1071 (ra. 
Sch). 864 (w), 735 (w) cm* 1 . 

MS f20/7O B V1 • m/e (%) . 493 (43 (M-H 2 0]+). 394 (47) ,, 306 (32). 

206 (30), 181 (40), 166 (72), 139 (100), 
113 (19), 71 (19), 57 (24), 43 (24). 
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Hochaufl^flHTVj. C 26 H 39 0 6 N3 



Xaoaer IZ 



b«r.; 493.2498 fur (M-H 2 OJ 
gef.s 493.2478 



Rf (Oichlormechan/Aceton, 8 5 : is) : o.22 

IR tiling ny . 3484 (a. b, Sch) . 2942 (v.. Sch) , 1727 

<vs>. 1S70 (w). 1456 (m), 1380 (m) , 1265 
(a). 1190 (w>, io«9 (m>, 975 !(w) . cm" 1 . 

MS ( 2 0/7Q fV) , m/a (%) - 493 (21 tM.H 2 0]*>, 394 (12); 306 (46), 

206 (37), 181 (63), 166 (99), 139 (100). 
113 (21) t . 71 (23). 57 (33), 43 (28). 



Hochiwflftminq: c 2 «h 39 o 6 ns bar. 

ge£. 



493.2498 fur [M-H 2 0] 
493.2475 



Beiapial 2 i 

verbindung lb 

SS mg (0.111 mmol) Epochilon A warden in 0.5 ml Tetrahydrofuran 
geldst. mit 0.S ml 1 j» Salzeaure versetzt und 30 Mlnucen bei 
Raumtemparatur gerOhxt. AnachlieSend wird mit l M Phoaphatpuf far 
pH 7 varsaczc und die vaOrige Phaae viermal mit Ethyiacecat ex- 
erahiart. Die vereinlgtan ©rganiachen Phaaen werdan mic geaitt- 
tigter Matriumchlorid-L*aung gawaachen, Qber Natrlumaulfac ga- 
trocknat und vom Lflaungamittel befreit. Die Reintgungi dea Roh- 
produktaa erfolgt mit Hilfa der praparativan schichcchromaco- 
graphia (Laufmittal: Dichlormethan/Methanol, 90 : I0)i. Auabeutet 
19 mg (32 %) 
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I 

Rg (Dlchlormethan/Mothanol , 90 : 10) : 0 .46 

™ (F il m?! ny - 3441 (e. br, Sch) , 2948 <e. 3<jh) . X72S 

(vo, Sch). 1462 (m) , i3dl (w) i 1265 (m> , 
U54 (v), 972 (m. br, Sch) cmf 1 . 

W (MCthanQ].} ; lambda^, (lg epallon) . 2X0 (4.29). 248 (4.11) 
nm. 

MS (20/70 fiV) r m/« <%) - 529 (13 (M*J ) , 494 (10) . 3412 (38). 306 

(23). 194 (32). 164 (100), 140 (31), 113 
(15). 57 (16) . 

HflChflUflflflUngi C 26 H 40 OgClHS bar.: 529.2265 fur CM*), 

g«£.: 529.2280 j 

! 

Beleplel 3t 
Verbindung lc 

25 mg (0.047 mmol) 12 -Chlor- 13 -hydroxy -epothi Ion A (lb) werden 
in 1 ml Dichlormachan gelftet, mit 29 mg (0.235 mmol) Dimethyl- 
aminopyridin, 1S1 m1 (1.081 mmol) Triechylarain und 20i nl (0.517, 
mmol) 98 %-iger Ameiaena&ure veraetzt. Oaa Reaktionagemiach wird 
mit Eie/Natriumchlorid abgekOhlt. tfach Erroichen von -15 # C war- 
dan dam Reaktionagemiach 40 j.1 (0.423 mmol) Eaaigeftureanhydrld 
zugegeben und 70 Minuten bai -15 °C geruhrt. Nachdem cin DOnn- 
achichtchromacogramm kainan voiletAndigen Umaatz anzeigc warden 
dam Reaktionagemiach weicere 6 mg (0.047 mmol) 
Ditnethylaminopyridin, 7 j*l (0.047 mmol) Triethylamin, 2 pi 98 
%-iga AmeieeneAure (0.047 mmol) und 4 pi (0.047 mmol) ! 
Esaigadureanhydrid zugeeeezc und 60 Minuten geruhrt. Zur 
Aufarbeitung wird daa Reaktionagemiach auf Raumtemperatur 
erwirmt, mit 1 M Phoaphatpuf £er pH 7 vereetzt und dieiwAflrige 
Phaaa viermal mit Cthylacetat extrahiert. Die vereinigten 
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organischen Phaaen werden nit gesAttigter Natriumchlorid-LGeung 
gava.chan, uber Natriumaulf at getrocknet und vom Loaungemittel 
befreit. Die Reinigung dea Rohproduktea erfolgt mit Hilfe der 
pr&parativen Schichtchromatographie (Laufmittel: 
Dichlormethan/Aceton, 90 : 10) . Ausbeute: 5 mg (18 %> 



Rf (Dichlormetha n/Acaton. 90 : 10) ; 
IR (Film) T ny - 



0.67 



3497 (w, b, Sch), 2940 (a, b, Sch) , 1725 
(vs), 1468 (m, b, Sch), 1379 (m) , 1265 
(a), 1253 (a), H7S <ve) , 972! (m. b, 
Sch), 737 (s) cm' 1 

MS ( 2 Q/7Q SX1 • m/e (%) - *i 3 (9..[M + ]), S67 (43), 472 (63), 382 

(23), 3S2 (21), 164 (100), 151 (33), 96 
(31) , 69 (17) , 44 (26) . 



HQChauEl&flunqi c 2 9H 40 o 9 nsc1 bar. : 

gef . : 



613.2112 fur IM+] 
613.2131 



Baiapial 4t 
Varbindung Id 

10 mg (0-020 mmol) Epothilon B werdan in 0.5 ml Tetrahydrofuran 
gal&at, mit 0.5 ml 1 N Salzafture veraeezt und 30 Minuten bei 
Raumtemperatur geruhrt. Anechliefcend wird mit 1 M Phoephatpuf far 
pH 7 vereetzt und dia wS&rige Phaaa viermal mit Ethylacetat ex- 
trahiert. Dia varainigtan organiachen Phaaan werden mit geaAt- 
tigter Natriumchlorid-LSaung gewaachen, uber Natriuraaulfat ge- 
trocknet und vom L4eungemittel befreit. Ola Reinigung! dea Roh- 
produktaa erfolgt mit Hilfe der prftparativen Schichtchromatogra- 
phie (Laufmittel: Dichlorma than/Ace ton, 85 : 15). 
Auabauta: 1 mg (9 %) 
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! 

! 

Rf (Dichlormethan/Accton. as ; IS): o.38 

H3 i2QHQ r , V) - m/e {%) - 543 (3 ( M']), S07 (14), 320 (19), 234 

(9), 194 (17), 182 (23), 164 j(100) ,' 140 
(22), 113 (14)-, 71 (13). 

Hoch a uflgming- . c 27 h 42 o < wsci ber.: 543.2421 fur !(m*j 

gef.: S43.240S ! 

1 

Balapial Si 
Varbindung 2a 

100 mg (0.203 mmol) Epothilon A werden In 4 ml Tetraltydroruran/i 
M Phosphacpuffar pH 7 (1 s l) ge ldat und aolanga mit Nacriumbor- 
hydrid (150 mg - 3.96S mraol) varsecat bis daa EduJcc lauc DOnn- 
schichtchromatogramm vollacandig abreagiert lat. Anadhl leSend 
wird mit 1 M Phosphacpuffar pH 7 verdunnc und dia waflrige Phaaa 
viarmal mie Ethylacetat extrahiart. Die vereinigcen organiechen 
Phaaen warden mit geaattigter Nacriumchlorid-Ldaung gawaschen, 
ubar Watriumaulfat gatrocknac und vom Loaungsmiecei befraic. Die 
Rainigung daa Rohproduktee arfolgc durch Kieaelchromatographia 
(Laufmitteli Dichlormathan/Acaton. 95 : 5 - grad - naieh Dichlor- 
machan/Acaton, 85 : IS) . 

Auabaufea, (20 t) 

Re (Oichlormathan/Acaton, 7S : 25): 0.27 

i 

IR (Pill) « ny . 3413 (a, b, Sch) . 2965 (va, Sch) , 1734 

(vs) , 1458 (m, b, Sch) , 1383 <im, Sch) , 
1284 (a, b. Sch), 1184 (m, b, .Sch), 10S9 
(a, Sch), 966 (a), 885 (w) , 737 (m) cm" 1 



- X3 - ! 

I .. : 

| 

MS . ( 2 0/79 qV) • ,„/e <*) - 495 {6 CM*]). 477 (8). 432; (12), 394 

(9). 364 (16). 306 (49), 194 :(19) , 178 
(35), 164 (100), 140 (40), 83! (21), 55 
(27) . 

HgfihflUflftgynq. C 26 H 41 0 6 W3 ber. : 49S.2655 for (M-] 

ge£.: 495.2623 

! 

I 

Beiepiel St 

Verbindung 3a-d (a-d find fftereoieovera) 

100 mg (0.203 mraolJ Epothilon warden in 3 ml Pyridin gelOat, tnit 
50 Ml (0.€8$ mmol) Thionylchlorid veraetzt und 13 Minuten bei 
Raumtemperatur gertihrt. AnachlieBend wird mit l M Phaephatpuf f er 
pH 7 veraetzt und die waflrige Phase viermal mit Ethyliacetat ex- 
trahiert. Die vereinigten organiachen Phaaen warden mit geeat- 
tigter Natriumchlorid-L6aung gewaachen, Ober Natriumaulf at ge- 
trocknet und vom L6aungemittel befreit. Die Reinigung dea Roh- 
produktea und Trennung der vier Stereoiaomeren 3a-d erfolgt mit 
Hilfe der praparativen Schichtchromatographie (Laufmittel; 
Toluol /Methanol, 90 : 10). 

Verbindung 3a 

Auabauta • 4 mg (12 %) 

R f (Toluol /Methanol. 90 t 10): 0.50 

TE (Ptlm) , ny - 2961 (m, b. Sch) , 1742 (va) . 1,701 (va) , 

1465 (m, Sch), 1389 (m, Sch), !l238 (a. 
Sch), 1210 (ve, Sch). 1011 (S,| Sch), 957 
(a, b. Sch), 808 (m, Sch), 768 (a, Sch) 
cm' 1 
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PV (Methanol) ; lambd aw>x {lg epsilon) - 210 (4.50), 248 (4.35) 
nm. 

Mfl (2Q/7Q CYU m/e (%) . 539 (40 (M*) ) , 457 (22). 362 (16), 316 

(27), 222 (30), 178 (30), 164| (100), 151 
(43), 9« (38), 69 (29). 55 (28). 43 (20) i 

HQChauf l QflUn«=r , 1 C 26 H 37 0 7 H3 2 ber.: 539.2011 f Or (M + ] 

Varbindung 3b 
Auahauea^ 14 mg (13 %) 

R« (Toluol /Methanol. 90 : 10): . 0.44 

IB (F il m) i ny - 2963 (a. br, SCh), 1740 (vs), ,1703 (8), 

1510 (w), 1464 (m, br, Sen), 1389 (m, 

Sch), 1240 (a, br, Sen) , 1142 I (m), 1076 

(w) , 1037 (w) , 1003 (m) , 945 (a, br, 

SCh). 806 (m, Sch), 77S (a). 737 (m) cm" 
1 

UV (Methanol),; lambda,^ (lg epailon) • 211 (4.16), 250 (4.08) 
nm. 

MS (20/70 *V> , m/e (%) - 539 (27 [M*J ) , 475 (17). . 322 (41). 306 

(67). 222 (16). 206 (17) , 194 I (19) . 178 
(32), 164 (100). 151 (33), 123 (18), 113 
(15), 96 (39), 81 (23), 64 (58). 57 (42), 
41 (19). 



UflfihiUUfiflSiMLi C26H37O7NS2 bar.: 539.2011 fur DO 

get.: 539.1998 
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v«rbindung 3o 

l 
i 

Aushmir». 4 ,mg (4 %) 

Rg (Tolucl/Mechanol, 90 t 10) ,• 0.38 

MS (20/7Q rVL . m/« (%> - S39 (SI (M*] ) , 322 (22) , 306 (53), 222 

(36), 178 (31), 164 (100), 151 (41), 96 
(25), 81 (20), 69 (26), 55 (2$), 41 (25). 

H QShaUf l SflWKT; C 26 H 37 Q 7 Na 2 ber.; 539.2011 far (M*) 

got.: 539.2001 

V«rblodung 3d 

i 
t 

Ayebcues I l mg (1 %) 

Rf (Toluol /Methanol, 9 0 : 10) : 0.33 

MS (20/79 fiY) i m/e (%) . 539 (69 [M*] J , 322 (35), 305 (51), 222 

(41) , 178 (31) , 164 (100), 1531 (46), 96 
(31), 81 (26), 69 (34), 55 (33), 41 (35) 

HfifihauflfifllinaJL C26H37O7N32 ber.: 539.2011 far (M+] 

ge£.: 539.1997 

Beiaplel 7t 
Varbindung 4a 

10 mg (0.020 mmol) Epothilon A warden in 2 ml Dichlormethan ge- 
Idet, auf -70 «C abgekQhlt und anachlieOend 5 Minutenimit Ozon 
bia xur echvachen BlaufArbung behandelt. Oaa reaultierende ReaJc- 
clonagamiech wird anachlie&end mit 0.5 ml Dimethylaulfid ver- 
setzt und auf Raum temper a tur erwirmt. Zur Aufarbeitung wird daa 
Reaktionagemiech vom Lfieungemittel befreit und echliefilich durch 



1 
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priparative Schichtchromatographie (Laufmittel Dichlor- 
methan/Acecon/Mechanol. 85 : 10 : S) gereinigc. 

Auabaura? 5 mg (64 %) 

R t (Pichlormothan/Aceton/Machanol , 85 : 10 : 5): 0 .61 

IR (fn,n) - ^ • 3 «« C. br, Sch), 2947 (s. br, Sch). 

1734 (vs. Sch), 1458 (w), 1380 (w) , 1267 
<w), US7 (w), 1080 (w), 982 (w) era" 1 . 

UY (Hathannll- lambda^ (lg epailon) - 202 (3.53) nm. 

MS (20/70 fV) - m/e (%) . 398 (2 [M*l ) , 380 (4) ,267 <14) . 249 

(17), 211 (20). 193 (26), 171; (34), 139 
(34), 111 (40), 96 (100), 71 (48), 43 
(50). 

Hochauf io 3U ng j. c 21 h 34 o 7 bar.: 398.2305 far (M*l 

gef.: 398.229S 



Belapiel 8t 
Verbindung 6a 



10 mg (0.018 mmol) 3 , 7-Di-o-formyl-epochilon A warden in 1 ml 
Dichlorraechan geloac, mic 27 pi (0.180 mmol) 

l,8-Dia*abicyclo(5.4 . 0) undec-7-en (DBO) veraeczc und 60 Mlnucen 
bei Raumtemperatur geruhrt . 

Zur Aufarbeitung wird daa ReaJctionagemiach mit 1 M Natriumdi- 
hydrogenphoaphae-Puffer pH 4.5 veraetat und die wASrige Phase 
viertnal mic Ethylacecat axcrahierc. Die vereinigten organischen 
Phaeen werden mit geaattigter Natriumchlorid-LGaung gewaachen, 
Ober Naeriumeulfat gacrocknet und von LOaungamittel befreic. 
Nach Beaeicigung dea Ldeungamitcel wird dae reeultierende Roh- 
produkt in 1 ml Methanol geloac, mit 200 pi einer ammoniakali- 
echen Methanolloaung (2 mmol Mt3/ml Methanol) veraetzt und uber 
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Nacht bei Raumtemperacur gertthrt . 2ur Aufarbeitung wird daa L6- 
aungamlttel im Vakuum entfemt. 

Auahenea? 4 mg (22 %) 

R t (Dichlormeehan/Acaeon, 8S : IS) : ' 0.46 

<F il «>i ny - 344S <w, br, sch) , 29S0 (va, br, Sch). 

1717 (va. Sch), 1644 (w). 1466 (m, Sch) . 
1370 (m, SCh), 1267 (s, br, Sch) . 1179 
(a, Sch), 984 (a, Sch), 860 (w) , 733 (m) 
cm" 1 

W (Mflthflnql) • lambda,,., (lg epailon) - 210 (4.16) nm; 

MS (2Q/7Q ftV) t m/e (%) - 47S (28 {M*J ) , 380 (21), 322 (37), 318 

(40), 304 (66), 178 (31), 1661(100), 1S1 
(29), 140 (19), 96 (38), 81 (20), S7 
(26) . 



Hochauflflaun ? r C26H37O5NS bar. 

gef. 



475.2392 fOx [M*] 
475.2384 



Balapial 9i 
Varbiadung 6b 



SO mg (0.091 rnrnol) 3 , 7-Di-0-£ormyl-epothilon A (werden In 1 ml 
Oichlorethan galeae, mic 2 ml (0.013 mol) 

l,8-0iazabicyclolS.4.0)undec-7-en (DBU) veraec*t und 12 Scundan 
bal 90 *C genlhrt. 

Zur Aufarbaitung wird daa Raaktionagemiach mic 1 M Natrlumdihy- 
drogenphoephac - Puf far pH 4.5 veraeczt und dia vafirige Phaee 
viarmal mit Ethylacetat extrahiert. Die vereinigten organiachen 
Phaaen warden mit •gesattigter Natriumchlorid-Leeung gewaachen, 
uber Nacriumeulf at getrocknet und vom Lc-aungamittel befreit. 
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Die Reinigung deo aua zvei Verbindungen beatehenden ROhproduXtea 
erfolgt mit tela prSparativer Schichtchromatographie Uaufmittel: 
Dichlormethan/Aceton, 90 : 10) . 

AMifeCUtfti 7 mg (15 %) 



Substanzcode 

Rg (DichlotTne than/Ace ton, 90 ; 10) : 



0.62 



IE (Film) r ny - 2551 (m, br, Sch) , 1723 (va) , 1644 (w, 

bn Sch) , 1468 (w) , 1377 (w) , 1271 (m, 
br, Sch), 1179 (a). 987 (m, br; Sch), 735 
(w, br, Sch) cm" 1 . 

VY (MCthanQl) ■ lambda^ (lg epailon) - 210 (4.44) run.: 

MS (20/7? ftV) i m/c (%) - S03 (68 fM*J ) , 408 (38), 390j (32), 334 

(25), 316 (34), 220 (21) . 206 (27). 194 
(20), 181 (33). 164 (100), 151 ! (34), 139 
(28), 113 (20). 96 (82), 81 (33), 67 
(24), S5 (26) , 43 (22) . 

HflChauflflflUngi C 27 H 37 q 6 N3 bar.: 503.2342 fOr CM*) 

gef.: 503.2303 



Beiepiel 10 1 

Verbindung 60 

S mg (0.009 mmel) 3,7-Di-O-acetyl-epochilon werden in 1 ml 
Methanol geloat, mit ISO pi elner ammoniakaliechen Methanol - 
loeung (2 mmol NR^/ml Methanol) versetzt und Ober Nacht bai 50 
°C gerOhrt. 

Zur Aufarbeitung wird dae Loaungamittel im Vakuum entfernt. Die 
Reinigung dee Rohproduktee erfolgt mit Hilfe der praparativen 
Schichtchromatographio (Laufmittel: Toluol/Methanol, 90 = 10). 

i 

I 

1 
i 
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AUBbcufcftj 3 mg (67 %) 

Rf ( Dichlor me t han/Acecon , 90 : io) : 0.S5 

IS (F i lm) l ny - 2934 (a, b, Sch) , 1719 (v., bj Sch) . 1641 

(m), 1460 (m, sch), 1372 (a, Sch), 1237 
(ve, b, Sch), 1179 (a, Sch), 1020 (a), 
963 (s, Sch), 737 (ve) cm' 1 . 

tfV (MCChanQl) • lambda^, (i g epailon) - 210 (4.33) nm, 

Mg (20/79 fiY) r m/e (V) - 517 (57 (M*J) , 422 (SB), 318 (31), 194 

(20), 181 (34), 166 (100), 151 (31), 96 
(96), 81 (32), 69 (27), 55 (29), 43 (69). 

HQChauf IflflUngj C28H390 6 NS bar.: 517.2498 fOr [M*]! 

gef . : 517 2492 



Beiepiel 11: 
Varbindung 7m 

20 mg (0.041 mmol) Epothilon warden in 0.5 ml Methanol geldat, 
mic 0.5 ml I N Natronlauge veraeczt und 5 Minuten bell Raumcempa- 
ratur gerflhrt. 

Zur Auf arbeitung wird daa Reakcionagemisch mic i M Phoephat- 
puffer pH 7 vereetzc und die w&Srige Phaaa viermal mic Echyl- 
acetat excrahiert. Die vereinigten organiachen Phaaam warden mic 
geaittigcer Natriumchiorid-Ldeung gewaachen, Qber Natriumaulfat 
gaerocknat und vom L6eungemittel bafraic. Dia Reinigung dea Roh- 
produkte« arfoigt mit Hilfe dar prAparativen SchichCchromaco- 
graphie (Laufmittel; Dichlormethan/Methanol, 85 : 15) . 



/ . 
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AUflfeftU&fl j 11 mg (52 %) 

R< (Dichlonnethan/Methano l, 85 : IS) : 0.92 

I* (F i lm) ' n Y ■ 3*38 (a. br, Sch). 297X (ve, br, Sch) , 

1703 (vs), 1S07 (m), 1460 (•»! Sch) . 1383 
(m, Sch), 12S4 (w), H90 (w, br, Sch), 
1011 (w, br, Sch), 866 (w, bP), 729 (o) 
cm" 1 

MS (20/70 CV) ; m/e (%) - 423 (0.1 [M*J ) , 323 (4). 168 (89). 140 

(100) , 85 (31) , 57 (67) . 

HQChauElflaungr. C23H37O4NS ber.: 423.2443 fur IM*) 

gef.: 423.2410 



Beiepiel 12 1 
Verbinduog 7b 

5 mg (0.009 mmol) 7-O-Acetyl-epothilon warden in l ml) Mechanol 
geloat, mic 200 >il einer ammoniakaliechen Methanollddung (2 mmol 
UHj/ml Methanol) versetze und zwei Tage bel SO *C gerOhrc. Zur 
Aufarbeitung wird das Ldaungamictel im Vakuum encfemc, Ole Rei- 
nigung dea Rohproduktee erfolgc mic Hilfe der praparaciven 
Schicht chromatographic (Laufmittel: Toluol /Methanol, 90 : 10). 

amhmtBj 3 mg (59 %) 

Rf (Olchlormechan/Meehanol, 90 : 10): 0.63 

IB (Film) ; ny • 3441 (m, b, Sch), 2946 (•, Sets) , 1732 

(va), 1600 (w), 1451 (m). 1379 (m) , 1246 
(e. b, Sch), 1013 (m, b, Sch) ! cm" 1 

i 

av (Methanol) i lambda^ (lg epailon) - 211 (3.75), 247 (3.59) 
nm. 



M3 (20/?0 flY) • m/e (%) - 567 U (M*) ) , 465 (4), 422 (7). 388 

(5), 194 (5). 182 (7), 168 (6$) , 164 
(17), 140 (100), 97 (10), 71 (22), 43 
(27). 

HachflyflQgurwr C 29 h 45 o 8 n3 ber. : 567.2866 far [Mf] 

gef.: 567.2849 



Belaplel 13 i 

SO mg Epothilon A werden in 20 fil Dimethylaulfoxid angelGec und 
mit 30 ml Phoephatpuffer (pH 7,1, io mM> verdOnnc. Naeh Zugabe 
von 5 mg Schweinelebereateraae (Fa. Boehringer Mannheim) wird 2 
Tage bei 30 *c gerthrt. Man aluerc mit 2 N HC1 auf pH5 an und 
extrahiert die Epothiloneiure 7 mit Ethylacetat. Die organiache 
Phaae wird mit Natriumaulf at getrocknet, im Vakuum zur Trockne 
eingedarapft. Au8beute 48 mg (96 %) . 



Baiapiel 14 t 

4 8 mg Epochilonaiura 7 werden in 6 ml THF aba. geiaac ;und uncer 
RQhran mit 40 m1 Triethylamin und 16 m! 2, 4, 6-Trichlorbenzoyl- 
chlorid veraetzt. Nach 15 min wird vow Niederachlag abfiltriert 
und innarhalb von 15 min unter achnellein ROhren in eirie aledende 
Meung von 20 mg 4-Dimethylaminopyridin in 200 ml Toluol aba. 
getropft. Nach weiteran 10 min wird im Vakuum eingedampft und 
der RQckatand zwiachen Ethylacetat /Citratpuf fer (pH 4)i vertailt. 
Der EindampfrQckatand der organiachen Phaae ergibt naah prApara- 
tiver HPLC Trennung 15 mg Epothilon A. j ■ 
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Beiaplel IS: 

Epothilone CundO ale Auegangavarbindungen 

A. Produktloo..eaa« und Kul turb.dingung.* .ne.pr.ch.nd da. Bp©, 
thilon Baeiapatant. 

B. Produktlon mit OSM 6773 

7S. X Kultur werden wie im Baaiapatent beachrieben angezogen und 
sum Animpfen einea Produktionef erroentera mit 700 1 
Produktionamedium aua 0.8 % Starke, 0.2 % Qlukoae, 0.2 * 
Soyamehl. 0.2 % Hefeexerakt, 0.x % c*Cl 2 x 2H 2 0, 0.1 % M gso 4 x 
7H 2 0, 8 mg/1 Fe-EDTA, pK - 7.4 und optional 15 1 Adsorberharz 
Amberlite XAD-16 verwandet . ' Dia Fermentation dauert 7 - io Tage 
bei 30 C. BelQftung mit * m 3 Loft/h. O^cvh Regulierunq der 
Drehzahl wird der p0 2 bei 30 * gehaltan. 

C. Xeolierung 

Oae Adeorberharz wird mit ein.m 0.7 m 2 . 100 mean ProzeCf ilter 
von der Kultur abgetrennt und durch Waechen mit 3 Bettvolumen 
Waeaer/Methanol 2:1 von polareh Begleit8tof fan befreit. Durch 
Elution mit 4 Bettvolumen Methanol wird eln Rohoxcrakc gewonnen. 
der i. vak. bie zum Auftreten der waeaerphaae eingedampft wird. 
Dieae wird dreimal mit dem gleichen Volumen Ethylacetat 
extrahiert. Eindampfen der organiachen Phaae ergibt 240 g 
Rohextrakt. der zwiachen Methanol und Heptan vertellt wird, urn 
lipophlle Begl.itetof fa abzutrennen. Aua der Methanolphaae 
werden durch Eindampfen i. Vak. 180 g Raffinat gewonnen, daa in 
drei Portionen uber Sephadex LH-20 (Saule 20 x 100 cm,. 20 ml/min 
Methanol) fraktioniert wird. Die Epothilone aind in der mit 240 
- 300 min Retention.azeit aluierten Fraktion von inagesamt 72 g 
enthalten. Zur Trennung der Epothilone wird in drei Portionen an 
Lichroeorb RP-18 (IS pm, Saule io x 40 era, Laufraittel 180 ml/rain 
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Methanol /Waaaer 6S:3S) chromatographies. Nach Epothilon A und B 
werden mit R t . 90-9S min Epothilon C und 100-110 min Epothilon 
D eluiert und nach Eindampfen i. Vak. in einer Ausbauce von 
jeweila 0.3 g ala farbloae dl« gewonnen. 

0. Phyaikalieche Eigenechaf ten 



R 




Epothilon C R • H 
Epochilon D R • CH3 

Epothilon C 

C26H 3 9N0 5 S C477] 

ESI-MS: (poaitiv Ionen) : 478.5 fQr [M*HJ * 
1H und 13C siehe NMR-Tabalie 
0C;Rf • 0,82 

DC-Alufolie -60 P 254 Merck, Laufmittei; Dichlormethan/Methanol ■ 

9:1 

Detektion: UV-Loachung bai 254 nm. Anapruhen mit Vanillin-Schwa- 
£eleaure<*Reagenz, blau-graue Anfarbung beinv Erhitzen 
au£ 120 «C. 



HPLC:R t • 11,5 min 

Saula: Hueleosil 100 C-18 7 pm, 12s x 4 mm 
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Laufmittel; Methanol/Waaser * 65:35 
FluS: lml/min 
Detection: Oiodenarray 

spochiion o 



C27H41NO5S [491] 

ESI-MS; (poflitiv Ionen) : 492,5 fQr (MoHJ* 
1H und 13C siehe NMR-Tabelle 
DC:Rf • 0, 82 

OC-Alufolie 60 P 254 Merck, Laufmittel: Dichlormethan/Methanol . 

9:1 

Detektion: UV-L<5echung bei 254 nm. Anapruhen mic Vanillin-Schwa- 
feleiure-Reagenz, blau-graue Anfarbung beim Erhitzen 
au£ 120 9 C. 

HPLC:R C - 15,3 min 

SAule: Nucleoail 100 C-18 7/im, 125 x 4 mm 
Laufmittel: Methanol /Waaaer - 65:35 
Flufij lml/min 
Detection: Oiodenarray 



: 
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I^OMSO £H "ST" D4t#n EPOthll ° n C "* » in 





Rpothilon c 






Epoch! ion 


H-Atom 


5 

(ppm J 


C-Atom 


ft 

(ppm) 


6 

(ppm) 








1 


170.3 




- L. 

1 1 


2 -Ha 


2.38 


2. 


38.4 


2.35 


i 

2 I 


2-Hb 


2.50 


3 


71.2 


2.38 


3 : 


3-H 


3.97 


4 


53. 1 


4.10 


4 : 


3 -OH 


5.12 


5 


4 17 . 1 


5. 08 


5 


6-H 


3.07 


€ 


*3 . 4 


3 .11 


6 


7-H 


3.49 


7 




3.46 


7 


7 -OH 


4.46 


8 


J 9 . 4 


4.46 


6 ; 


8-H 


1.34 


9 


27 . 6 


1.29 


9 


9-Ha 


1.15 


10 


Jv . 0 


1.14 


10: 


9-Hb 


1.40 


IX 


37.5 


1.36 


li: 


10 -Ha 


1. 15* 


12 


124 . 6 


1.14* 




10-Hb 


1.35* 


13 


1 J J . x 


1 .35* 


13 ; 


Xl-Ha 


1.90 


14 


31.1 


1.75 


141 


11-Hb 


2. It 


IS 


74.3 


2.10 


is i 


ia-H 


s.38^ 


16 


137.3 




16 . 


13 -H 


5. 44" 


17 


X19.X 


5.06 


17 : 


14-Ha 


2.3S 


18 


152.1 


2.30 


16 ; 


14-Kb 


2.70 


19 


117.7 


2.65 


19 ■ 


1S-H 


5.27 


20 


164.2 


S.29 


20 ' 


17-H 


6.90 


21 


18.8 


6.51 


21 ; 


19-H 


7.35 


22 


20.8 


7.35 


22 


:i-h, 


2.65 


22 


22.6 


2.65 


23 . 


aa-H, 


0.94 


24 


16.7 


0.90 


•■ 24 ! 


23 -H, 


1.21 


25 


18.4 


1.19 


25 


24-H, 


1.04 


27 


14.2 


1.07 


26 


23-K, 


0.90 






0.91 


27 ; 


2C-H, 








1.63 




27-H, 


2.10 






2.11 





(ppm) 



170.1 

39.0 
70.8 
53.2 
217.4 
44.4 
75.5 
36.3 
29.9 
25.9 
31.8* 
138. 3 
120.3 
31. 6« 
76.6 
137.2 
119.2 
152.1 
117.7 
164.3 
18.9 
19.7 
22.5 
16.4 
16.4 
22.9 
14.1 



*, Zuordnung varcauachbar 
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Bei spiel IS i 

Bpothilon A und 12,13-Bi.epi-epothiion A aue spothliion c 

50 mg Epothiloa A warden in 1.3 ml Aceton geloet undj mis l.s ml 
einer 0.0? molaren Loeung von Oimethyldioxiran In Acaton ver- 
setzt. Nach 6 Stundan Stehen bei Raumtemperatur wirdi 1. Vak. 
eingedampft und durch praparaeive HPLC an Kieaelgal |(Laufmittel : 
Methyl -tert. butyl ether/Petrolether/Methanol 33 :66:l) | getrennt. 



Auabeute » 




20 mg 12, 13-Bieepi-epothilon A, R t - 3 . 7 min. ESI -MS \ (poa. 
Ionen) ' 



m/x - 494 (M+HJ * 
1 H-NMR in (D 4 J Methanol; auage- 
wahlte Signale: delta -;4.32 
(3-H), 3.79 (7-H), 3.06 : (12-H) , 
3.16 (13-H). 5.54 (15-HJ. 6.69 
(17-H). 1.20 (22-H), 1.45 (23-H> . 



R 




0 OH 0 



12,13-Biaepi-epothilon A R • H 



Fatentanepraohe 

| 

1. Epothllonderivat der Formal l 



R 




O Oft 1 0 

1 

wobei R - H. C 1 . 4 -Alkyl; R 1 , R 2 - H, Cx^-Alkyl, Cx-g-Acyl, 
Benzoyl, Ci. 4 -Trielkyleilyl, Benzyl, Phenyl, Cj^-Alkoxy-. C$- 
Alkyl-, Hydroxy- und halogeneubetituiertee Benzyl bzw. Phenyl; 
und ee aich bel den in den Reaeen enthaltenen Alkyl- bsw. Acyl- 
gruppen urn gradkettige oder verzweigte Reate handelt, und Y und 
Z entveder glelch oder verachleden aind und jeweile fflr 
waeeeretoff, Halogen, Peeudohalogen, OH, 0- <Cx-$) -AcyJ, 0- (Ci. 
5) -Alkyl oder O- Benzoyl atehen oder gemelneam dae O-Afcom einea 
Epoxide oder eine der C-C-Bindungen einer c-C-Doppelbindung 
bilden, wobei Epot hi Ion A und B auegenomen aind. 

i 
1 

2. Epothilonderivat der Porroel 2 



2d 



I - 




wobei R - H, C 1 . 4 *Allcyl; R 1 , R 2 , R 3 - H, C^-Alky!, Ci.$-Acyl, 
Benzoyl, Ci.4-Trialkyleilyl, Benzyl, Phenyl, Cx-6* Aikox y~' c 6~ 
Alkyl-, Hydroxy- und halogeneubetituiertes Benzyl bav. Phenyl; 
ea eich bei den in den Resten entheltenen Alkyl- bzv . Acyl - 
gruppen urn gradkettige oder verzweigte Reete handelt ; j und V und 
Z die Bedeueungen gemift Anepruch l beeitzen. 



3. Epothllonderivat der Fortnel 3 
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i 

I 

vobei R - H, C 1 , 4 -Alkyl; R 1 , R 2 - H, C^.g-Alkyl. C^a'Acy!, 
Benzoyl, C^-Trialkyleilyl, Benzyl, Phenyl, Cx-s-Alkixy- , C 6 - 
AlXyi-, Hydroxy- und halo^mubfltituicrtet Benzyl bswi Phenyl; 
ea oich bei den in den Reaten enthaltenen Alkyl- bzw. ;Acyl- 
gruppen urn gradkettige Oder verzweigte Reate handelt, und x all- 
geroein fur -C(0)-, -C(S>-, -8(0)-, -CR X R 2 - und -SiR a - \ ateht, wo- 
bei R, R 1 und R 2 die Bedeutung haben wie oben angegeben und R 1 
und R 2 auch zuoammen eine Alkylengruppa mit 2 bis 6 Kohlenotoff- 
at omen bilden kdnnen; und Y und Z die Bedeucungen gem^S Anapruch 
1 beaitzen. ■ j 



4 . Epothilonderivat der Formal 4 




wobei R • H, Ci.4-Alkyl; R 1 , R 2 , R 3 , R 4 , R 5 - H, Cx-efAlkyl, 
Cj^-Acyl. Benzoyl, Ci^-Trialkyleilyl, Benxy 1 , Pheny X , C x .$- 
Alkoxy-, Cj-Alkyl-, Hydroxy- und halogeneubetituiertei Benzyl 
bzw. Phenyl; ea aich bei den in den Reeten enthaltenen Alkyl- 
bzw. Acylgruppen urn gradkettige oder verzw*igte Reate; handelt, 
Saueretoff, NOR 3 , N-im 4 R 5 , und M-NHC0NR 4 R s bedeutet, Vobei dio 
Reate R 3 bie R S die oben angegebene Bedeutung haben uhd R 4 und 
R 5 auch zueammen eine Alkylengruppa mit 2 bia « Kohlehatof f - 
acomen bilden kfinnen; und 

Y und Z die Bedeucungen getnift Anapruch 1 beeitten. 
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5. Spothilonderivac dar Formal 5 

R 




5 

vobei R - H, Ci-4-Alkylj R 1 , R 2 - H, Cj^-Alkyl, C^rAcy!, 
Benzoyl, Cx-4-Trialkyleilyl, Benzyl, Phenyl, C x _ 6 -AlkOxy-, C 6 - 
Alkyl-, Hydroxy- und halogeneubatituiertee Benzyl bav* Phenyl i 
ee eich bei den in deh Reeten enthaltenen Alkyl- bzw. Acyl- 
gruppen urn gradkettige oder verzweigte Reete handelt,und X 
Waaeerstoff, Cx-ie-Alkyl, Ci. I8 -Acyl, Benzyl, Benzoyl und Cinna 
moyl bedeutec und 

Y und Z die Bedeutungen gem&B Anapruch 1 beaiczen. 
€. Epothilonderivat der Formel S 




6 



I 
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I 



wobei R - H, C^-Allcyl und R 1 - H, C^-Alkyl, Cj^-jfcyl, 
Benzoyl, Cx^-Trialkyleilyl, Benzyl, Phenyl, C^-Alkixy-, C 6 - 
Alkyl-, Hydroxy- und halogenaubatituiertea Benzyl bzvj Phenyl 
iat; ea aich bei den in den Reaeen enthaltenen Alkyl- ibzv, 
Acylgruppen urn gradkettige oder verzweigte Reete handilt; und 
y und Z die Bedeucungen gem&B Anapruch l beaiezen. 

7. Epothilonderivat der Formal 7 
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wobei R - H, Ci,.4-AlJcyl und R 1 , R 2 . R 3 , R 4 - II, C^.s-Alkyl, Ci-« 
-Acyl, Benzoyl, C 1 . 4 -Tri«lkyleilyl, Benzyl. Phenyl, ci.f-Alkoxy, 
C$-Alkyl-, Hydroxy- und halogeneubstltuiertee Bonzyl baw. 
Phenyl; ee eich bei den in den Reaeen enthaltonen Alkyl- b»w. 
Acylgruppen um gradkettige oder verzweigte Reete handeltj und 
Y und Z die Bedeutungen gemeft Aneprueh x beeitzen. 

0. Verfahren zur Keretellung einee Bpothilonderivate der Pormel 
7 gemAS Aneprueh 7, dadurch geJteaaseiehaee, daft man Epothilon A. 
Epothilon B, ein 3-OH-geechutztee Derivet dereelben o£er ein 7- 
OH-geechOtztea Derivat dereelben 
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(a) enzyme tiech hydrolyeiert , inabeaondera mic ainer Eeteraae 
Oder Lipase, oder 

(b) in alkaliechem Medium hydrolyaiert , inabeaondera mit 
Natriumhydroxid in cinam Mathanol/Waaaer-Gemiach, 

und daa Bpothilonderivat dar Formal 7 gawinnt und isoliert. 

9. Verfahren zur Heratallung einaa Epothilonderivate dar Formal 
2 gemAft Anepruch 2, dadurch $re**na*eieiiAee, daE man ain 
Epothilondarivac dar Formal 7 gemafi Anepruch 7 oder ala Produkt 
daa verf ahrene gemafi Anapruch 6 

(a) nach der Yamaguchi-Methode oder 

(b) nach der Corey-Methode oder 

(c) nach dar Kellogg-Methode 

in daa Epothilondarivac der Formal 2 umwandelt und diasca 
Umwandlungeprodukt ieoliert. 

10. Verfahren zur Heratellung von Epothilon A und/oder 12,13- 
Bieepi -epothilon A, dadurch gekennseiehaet, dafi man Epothilon C 
epoxidiert, inabeaondera mit Dimechyldioxiran odar ainer 
Peraaure. 

11. Verfahren zur Heratellung von Epothilon B und/oder 12,13- 
Biaepi -epothilon B, dadurch gekennaaichnat, daft man Epothilon D 
epoxidiert, inabeaondere mit Dimathyldioxiran odar aiher 
Peraaure. 

12. Mittel fur den Pflanzenachutz in der Landwirtechaf t und 
Foratwirtschaft und/oder im Gartenbau, beatehend aua einem odar 
mahreren der Verbindungen gemaS einem der vorangahandan Anaprt- 
cha odar einer oder mehreren diaaer Verbindungen neben ainam 
Oder mehreren Qblichen TrAger(n) und/oder vardunnungemittel in) . 

! 

13. Therapeutiacho Mittel, inabeaondere zum Einaata ale 
Cytoatatikum, beatehend aua einer oder mehrerer der Verbindungen 
nach einem oder mehreren der Anepruche 1 bie 7 oder einer oder 
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mehrerer der Verbindungen nach einem Oder mehreren dmx Anaprtchc 
1 bia 7 n«btn ein«m oder mehreren ublichen TrAger(n) und/od«r 
VerdQnnungsmitcel (n) . 
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ZusanBtnfaaaung 



Dl« vorliwnd* ErMndung b«tri£ft EpothUondarivata und 
daran Varvandung. 
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Our reference: 8371-GBF November 18, 1996/he 

Epothilone C and D, Preparation and Means 



The present invention concerns general epothilone derivatives and their use for the produc- 
tion of drugs. Especially, the present invention is concerned with the preparation of 
epothilone derivatives according to the general Formulas 1 to 7 given below, as well as with 
their use for the production of therapeutic agents and agents for plant protection. 
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In the above Formulas 1 to 7, the symbols have the following meanings: 

R = H, C M -alkyl; 

R l , R\ R\ R 4 , R 5 = H; C^-alkyl, 

C^-acyl-benzoyl, 

C M -trialkylsilyl, 

benzyl, 

phenyl, 

C^-alkoxy-, 

C 6 -alkyl-, hydroxy and halogen-substituted benzyl or phenyl; 
also, two of the groups R l to R 5 may be combined to form the grouping -(CH^- with n = 1 
to 6 and the alkyl or acyl groups contained in the groups are either straight-chain or branched 
groups; 

Y and Z are either identical or different and can stand for hydrogen, halogens, such as F, 
CI, Br or I, pseudohalogens, such as -NCO, -NCS or -N 3 , OH, 0-(C,^)-acyl, 0-(C, J-alkyl, 
O-benzoyl. Y and Z can also be the O-atom of an epoxide, in which case, epothilone A and 
B are not claimed, or one of the C-C bonds can form a C=C double bond. 

In Formula 3, X generally stands for -C(O)-, -C(S)-, -S(O)-, -CR'R 2 -, where R l and R 2 have 
the meaning given above and -SiR r , where R has the meaning given above. 

In Formula 4, X stands for oxygen, NOR 3 ., N-NR 4 R 5 , and N-NHCONR 4 R 5 , where the 
groups R 3 to R 5 have the meaning given above. 

In Formula 5, X stands for hydrogen, C MS -alkyl, C,.„-acyl, benzyl, benzoyl and cinnamoyl. 

With regard to epothilone A and B, let us refer to DE-A-41 38 042. Compounds according 
to general Formula 1 are accessible starting from epothilone A and B, as well as from their 
3-0- and/or 7-0-protected derivatives by opening the 12,13-epoxide. When hydrogen halides 
are used for this purpose in a preferred nonaqueous solvent, the halohydrins X = Hal, Y = 
OH and Y = OH, Y = Hal are obtained. Protonic acids, for example, toluenesulfonic acid 
and trifluoroacetic acid, lead to 12,13-diols in the presence of water and then these are 
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acylated subsequently according to standard methods (for example, with carboxylic acid 
anhydrides and pyridine or triethylamine/DMAP) or are alkylated (alkyl halides and silver 
oxide). For this purpose, the 3- and 7-hydroxy groups can be protected temporarily as the 
formate (cleaved with NH 3 /MeOH) or p-methoxybenzyl ether (cleaved with DDQ). 

Compounds according to general Formula 2 are obtainable from epothilone A and B as well 
as from their 3-0- and/or 7-0-protected derivatives by reduction, for example, with NaBH« 
in methanol. If the 3-OH and/or 7-OH groups are protected reversibly during this process, 
after acylation or alkylation, and removal of the protecting groups, 5-0-monosubstituted, 3,5- 
or 5,7-O-disubstituted derivatives according to general Formula 2 can be obtained. 

Reactions of epothilone A and B with Afunctional electrophilic reagents, such as (thio)phos- 
gene, (thio)carbonyidimidazole [sic], thionyl chloride or dialkylsilyl dichlorides or bistriflates 
give compounds having general Formula 3. The bases used as aids here can be pyridine, 
trialkylamine, optionally together with DMAP or 2,6-lutidine in an aprotic solvent. The 3,7- 
acetals having general Formula 3 are formed by transacetalization, for example, of dimethyl- 
acetals, in the presence of an acidic catalyst. 

Compounds according to general Formula 4, obtained from epothilone A and B or from 
their 3-0- and/or 7-0-protected derivatives by ozonolysis and reductive processing, for 
example, with dimethyl sulfide. The C-16 ketones can then be converted to the oximes, 
hydrazones or semicarbazones according to standard methods known to the expert in the 
field. Furthermore, they are converted into C-16/C-17 olefins by the Wittig, Wittig-Horner, 
Julia or Petersen olefination method. 

The 16-hydroxy derivatives according to general Formula 5 are obtainable by reduction of 
the C-16 keto group, for example, with aluminum hydride or borohydride. When the 3-OH 
and 7-OH groups are protected correspondingly, they can be acylated or alkylated selective- 
ly. The liberation of the 3-OH- and 7-OH groups is done, for example, with NHJMtOH in 
the case of O-fonnyl and with DDQ in the case of O-p-methoxybenzyl. 
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The compounds having general Formula 6 are obtained from derivatives of epothilone A and 
B in which the 7-OH group is protected by acyl or ether groups, in which the 3-OH group 
is, for example, formylated, mesylated or tosylated and then eliminated by treatment with a 
base, for example, DBU. The 7-OH group can be liberated as described above. 

Compounds having general Formula 7 are obtained from epothilone A and B or from their 
3-OH- and 7-OH-protected derivatives by basic hydrolysis, for example, with NaOH in 
MeOH or MeOH/water. Preferably, the compounds having general Formula 7 are obtained 
from epothilone A or B or from their 3-OH- or 7-OH-protected derivatives by enzymatic 
hydrolysis, preferably with esterases or lipases. The carboxyl group can be converted into 
the ester by alkylation with diazoalkanes after protection of the 19-OH group. 

Furthermore, compounds having Formula 7 can be converted into the compound having 
Formula 2 by lactonization according to the methods of Yamaguchi (trichlorobenzoyl 
chloride/DMAP), Corey (aldrithiol/triphenylphosphine) or Kellogg (omega-bromic ac- 
id/cesium carbonate). The corresponding methods can be found in Inanaga et al. in Bull. 
Chem. Soc v Japan, 52 (1979) 1989; Corey & Nicolaou in J. Am. Chem. Soc., 96 (1974) 
5614; and Kruizinga & Kellogg in J. Am. Chem. Soc., 103 (1981) 5183. 

In order to prepare the compounds according to the invention, one can also start from 
epothilone C or D, and the derivatization methods described above can be used for derivati- 
zation here, too. The 12,13-double bond can be hydrogenated selectively, for example, 
catalytically or with diimine; or it can be epoxidized, for example, with dimethyldioxiran or 
a peracid; or it can be converted into the dihalides, dipseudohalides or diazides. 

Furthermore, the invention is concerned with means for plant protection in agriculture, 
forestry and/or gardening, consisting of one or several of the epothilone derivatives described 
above or consisting of one or several of the epothilone derivatives described above in 
addition to one or several of the usual carrier(s) and/or diluent(s). 

Finally, the invention is concerned with therapeutic agents, consisting of one or several of 
the compounds listed above or of one or several of the compounds listed above in addition to 
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one or several of the usual carrier(s) and/or diluent(s). These agents can exhibit especially 
cytotoxic activities and/or cause immunesuppression and/or can be used for combatting 
malignant tumors, but they can especially preferably be used as cytostatic agents. 

The invention is explained further and described by the description of a few selected practical 
examples. 

Examples 

Translator's note: In the infrared spectra in the examples, the general English abbrevi- 
ations are used, s, m, w, vs, b, etc., except for Sen = shoulder and ny = v (nu) 
Also, the abbreviation Ig stands for log. 

Example 1: 
Compound la 

20 mg (0.041 mmole) of epothilone A is dissolved in 1 mL of acetone, with 50 pL (0.649 
mmole) of trifluoroacetic acid is added and the mixture is stirred overnight at 50°C. For 
work-up, the reaction mixture is treated with 1 M pH 7 phosphate buffer and the aqueous 
phase is extracted four times with ethyl acetate. The combined organic phases are washed 
with saturated sodium chloride solution, dried over sodium sulfate and the solvent is 
removed. The purification of the crude product is done with the aid of preparative layer- 
chromatography (solvent: dichloromethane/acetone, 85:15). 

Yield: 4 mg (19%) isomer I 
4 mg (19%) isomer II 

Isomer I 

p r f^rM^Tl^^acetone. 85:15V 0.46 

Ttt (Fllm)i ny - 3440 (m t b, Sen) , 2946 (s. Sen) , 1734 

(vs), 1686 (m), 1456 (ni) , 1375 (w) , 1256 
(s, Sen), 1190 (w, b, Sen), 1071 (m, 
Sen), 884 (w), 735 (w) cm" 1 . 

* 

MS f20/70 fiV) : m/e (%) - 493 (43 [M-H 2 Ol +) , 394 (47), 306 (32), 

206 (30), 181 (40), 166 (72), 139 (100), 
113 (19), 71 (19), 57 (24), 43 (24). 
10 
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Hjgh resolution: C^HjANS calculated: 493.2498 for (M-H 2 0]+ 

found: 493.2478 

Isomer n 

R , (dichloromethane/acetone. 85:15) : 0.22 

IR (Film) : ny - 3484 (s, b, Sch), 2942 (vs, Sch) , 1727 

(vs) , 1570 (w) , 1456 (m) , 1380 (m) , 1265 
(s), 1190 (w), 1069 (m), 975 (w) , cm" 1 . 

MS f 20/70 eV) L m/e (%) » 493 (21 (M-H 2 0l + ), 394 (12), 306 (46), 

206 (37), 181 (S3), 166 (99), 139 (100), 
113 (21), 71 (23), 57 (33), 43 (28). 

High resolution : Q^O.NS calculated: 493.2498 for [M-H 2 0]+ 

found: 493.2475 

Example 2: 
Compound lb 

Epothilone A, 55 mg (0.111 mmole), is dissolved in 0.5 mL of tetrahydrofuran, 0.S[sic] mL 
of 1 N hydrochloric acid is added and the mixture is stirred for 30 minutes at room tempera- 
ture. Then 1 N phosphate buffer of pH 7 is added and the aqueous phase is extracted four 
times with ethyl acetate. The combined organic phases are washed with saturated sodium 
chloride solution, dried over sodium sulfate and the solvent is removed. The purification of 
the crude product is done with the aid of preparative layer chromatography (solvent: 
dichloromethane/methanol, 90:10). Yield: 19 mg (32%). 
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R , (dichloro mef^ane/me thanol. 90:10) : 0.46 

IS (Film) i ny - 3441 (s, br, Sch) , 2948 (s, Sch) , 172S 

(vs, Sch), 1462 (m), 1381 (w) , 1265 (m) , 
1154 (w), 972 (m, br, Sch) cm" 1 . 

UV (Methanol) ; lambda^ (lg epsilon) » 210 (4.29), 248 (4.11) 
nm. 

MS (20/70 eV) ♦ m/e (%) - 529 (13 [M+J ) , 494 (10), 342 (38), 306 

(23), 194 (32), 164 (100), 140 (31), 113 
(15), 57 (16). 

Hieh resolution : C 26 H4<AC1NS calculated: 529.2265 for [Mt], 

found; 529.2280 

Example 3: 
Compound lc 

12-Chloro-13-hydroxy-epothilone A (lb), 25 mg (0.047 mmole), is dissolved in 1 mL of 
dichloromethane, and then 29 mg (0.235 mmole) of dimethylaminopyridine, 151 yL (1.081 
mmole) of triethylamine and 20 yiL (0.517 mmole) of 98% formic acid are added. The 
reaction mixture is cooled with ice/sodium chloride. After reaching -15°C, 40 pL (0.423 
mmole) of acetic anhydride is added to the reaction mixture, followed by stirring for 70 
minutes at -15 °C. Since the thin-layer chromatogram did not show complete conversion, 
another 6 mg (0.047 mmole) of dimethylaminopyridine, 7 nL (0.047 mmole) of triethyl- 
amine, 2 nL of 98% formic acid (0.047 mmole) and 4 (0.047 mmole) of acetic anhydride 
are added to the reaction mixture, followed by stirring for 60 minutes. For work-up, the 
reaction mixture is heated to room temperature, 1 M phosphate buffer with pH 7 is added 
and the aqueous phase is extracted four times with ethyl acetate. The combined organic 
phases are washed with saturated sodium chloride solution, dried over sodium sulfate and the 
solvent is removed. The purification of the crude product is done with the aid of preparative 
layer chromatography (solvent: dichloromethane/acetone, 90: 10). Yield: 5 mg (18%). 
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R, (Dichloromethana/acetnne PO-IOV 0.67 

IB (FUm) ; ny - 3497 (w, b, Sch), 2940 (s, b, Sch) , 1725 

(vs), 1468 (m, b, Sch), 1379 (m) , 1265 
(s), 1253 (s), 1175 (vs), 972 (m, b, 
Sch) , 737 (s) cm" 1 

MS (30/70 gV) ; tn/e (%) = 613 (9 .[M+] ) , 567 (43), 472 (S3), 382 

(23), 352 (21), 164 (100), 151 (33), 96 
(31), 69 (17), 44 (26). 

High resolution; C^ANSCl calculation: 613.2112 for [M + ] 

found: 613.2131 

Example 4: 
Compound Id 

10 mg (0.020 mraole) of epothilone B is dissolved in 0.5 mL of tetrahydrofuran, then 0.5 
mL of 1 N hydrochloric acid is added and the mixture stirred for 30 minutes at room 
temperature. Then 1 M phosphate buffer at pH 7 is added and the aqueous phase is 
extracted 4 times with ethyl acetate. The combined organic phases are washed with saturated 
sodium chloride solution, dried over sodium sulfate and freed from solvent. The purification 
of the crude product is done with the aid of preparative layer chromatography (solvent: 
dichloromethane/acetone, 85:15). 
Yield: 1 mg (9%) 

R f rDichloromethawi/acetOTie. 85:15): 0.38 

MS ( 20/70 aV) t m/a (%) - 543 (3 [M*] ) , 507 (14), 320 (19), 234 

(9), 194 (17), 182 (23), 164 (100) , 140 
(22), 113 (14), 71 (13). 
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High resolution : C^H^OjNSCl calculated: 543.2421 for [M + ] 

found: 543.2405 

Example 5: 
Compound 2a 

Epothilone A, 100 mg (0.203 mmole), is dissolved in 4 mL of tetrahydrofuran/1 M phos- 
phate buffer, pH 7 (1:1) and sodium borohydride (150 mg = 3.965 mmole) is added until 
the thin-layer chromatogram shows that the starting material reacted completely. Then the 
mixture is diluted with 1 M phosphate buffer, pH 7 and the aqueous phase is extracted four 
times with ethyl acetate. The combined organic phases are washed with saturated sodium 
chloride solution, dried over sodium sulfate and the solvent is removed. The purification of 
the crude product is done by silica gel chromatography (solvent: dichloromethane/acetone, 
95:5 - in 5 steps to dichloromethane/acetone, 85:15). 
Yield: (20%) 

R , ( Dichloromethane/acetone. 75:25) : 0.27 

* R IZllBl 1 ny - 3413 (s, b, Sch) , 2965 (vs, Sch) , 1734 

(vs) , 1458 (m, b, Sch) , 1383 (m, Sch) , 
1264 (s, b, Sch) , 1184 (m, b, Sch) , 1059 
(3, Sch), 966 (s), 885 (w) , 737 (ra) era" 1 

MS ( 20/70 eVV: m/e (%) - 495 (6 [M*] ) , 477 (8), 452 (12) , 394 

(9), 364 (16), 306 (49), 194 (19), 178 
(35), 164 (100), 140 (40), 83 (21), 55 
(27). 

High resolution : C^O^S calculated: 495.2655 for [M*] 

found: 495.2623 

Example 6: 

Compound 3a-d (a-d are stereoisomers) 

Epothilone, 100 mg (0.203 mmole) is dissolved in 3 mL of pyridine, with 50 /xL (0.686 
mmole) of thionyl chloride added and the mixture is stirred for 15 minutes at room tempera- 
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aire. Then, 1 M phosphate buffer, pH 7, is added and the aqueous phase is extracted four 
times with ethyl acetate. The combined organic phases are washed with saturated sodium 
chloride solution, dried over sodium sulfate and the solvent is removed. The purification of 
the crude product and separation of the four stereoisomers 3a-d is done with the aid of 
preparative layer chromatography (solvent: toluene/methanol, 90:10). 



Compound 3a 

Yield : 4 mg (12%) 

R, (toluene/methanol. 90:10): 0.50 

tr (Film) t ny - 2961 (m, b, Sch) , 1742 (vs) , 1701 (vs) , 

i465 (m, Sch), 1389 (m, Sch), 1238 (s, 
Sch), 1210 (vs, Sch), 1011 (s, Sch), 957 
(s, b, Sch), 808 (m, Sch), 768 (s, Sch) 
cm" 1 

ny fM»Ehanel) t lambda,.- (lg epsilon) » 210 (4.50), 248 (4.35) 
nm. 

M.<? (20/70 eV) : m/e (%) - 539 (40 [M+] ) , 457 (22), 362 (16), 316 

(27), 222 (30), 178 (30), 164 (100), 151 
(43), 96 (38), 69 (29), SS (28), 43 (20). 

High resolution : CJk,Q,NS, calculated: 539.2011 for [M*] 

Compound 3b 
Yield : 14mg(13%) 
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R, ftoluene/methannl QfVinv 0.44 

IB (Film) ; ny - 2963 (s, br, Sch) , 1740 (vs) , 1703 (s) , 

1510 (w) , 1464 (m, br, Sch) , 1389 (m. 

Sch), 1240 (s, br, Sch), 1142 (in), 1076 

(w), 1037 (w), 1003 (m), 945 (s, br, 

Sch) , 806 (m, Sch) , 775 (s) , 737 (m) cm" 
1 

VY (Methanol) ; lambda^ (lg epsilon) - 211' (4.16), 250 (4.08) 
nm. 

MS (30/70 eYJ ; m/e (%) > 539 (27 CM*]), 475 (17), 322 (41), 306 

(67), 222 (16), 206 (17), 194 (19), 178 
(32), 164 (100), 151 (33), 125 (18), 113 
(15), 96 (39), 81 (23), 64 (58), 57 (42), 
41 (19). 

High resolution : C 26 H 37 0 7 NS2 calculated: 539.2011 for [M + ] 

found: 539.1998 

Compound 3c 

Yield : 4 mg (4%) 

R , ftoluene/methanol. 90:10) : 0.38 

MS (20/70 aV) ; m/« (%) - 539 (51 [M+]), 322 (22), 306 (53), 222 

(36), 178 (31), 164 (100), 151 (41), 96 
(25), 81 (20), 69 (26), 55 (25), 41 (2S) . 

High resolution : CmHjANS, calculated: 539.2011 for [M+] 

found: 539.2001 
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Compound 3d 

Yield : 1 mg (1%) 



R , (toluene/methanol. 90:10V . 0.33 

MS (20/70 eV) ; m/e (%) - 539 (69 [M + ] ) , 322 (35), 306 (51), 222 

(41), 178 (31), 164 (100), 151 (46), 96 
(31), 81 (26), 69 (34), 55 (33), 41 (3S) 

High resolution : Cj^-AN^ calculated: 539.2011 for [M + ] 

found: 539.1997 

Example 7: 
Compound 4a 

Epothilone A, 10 mg (0.020 mmole), is dissolved in 2 mL of dichloromethane, cooled to 
-70°C and then treated with ozone for 5 minutes until a weak blue coloration develops. The 
resulting reaction mixture is then treated with 0.5 mL of dimethyl sulfide and heated to room 
temperature. In the work-up, the solvent is removed from the reaction mixture and finally 
the product is purified with preparative layer chromatography (solvent dichloromethane/ace- 
tone/methanol, 85:10:5). 

Yield : 5 mg (64%) 

R T rDichlorome thane/acetone/methanol. 85:10:5): 0.61 

tr (Film) ! ny ■ 3468 (s, br, Sch) , 2947 (a, br, Sen) , 

1734 (vs, Sch), 1458 (w) , 1380 (w) , 1267 
(w), 1157 (w), 1080 (w), 982 (w) cm" 1 . 

Tjy (Methanol) ; lambda,^ (lg epsilon) - 202 (3.53) nm. 

m.q O0/70 aV> ■ m/ft (%) - 398 (2 (M*] ) , 380 (4), 267 (14), 249 

(17), 211 (20), 193 (26), 171 (34), 139 
(34), 111 (40), 96 (100), 71 (48), 43 
(SO). 
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High resolution : QjH^O? calculated: 398.2305 for [M + ] 

found: 398.2295 

Example 8: 
Compound 6a 

3,7-Di-O-fonnyl-epothilone A, 10 mg (0.018 mmole), is dissolved in 1 mL of dichlorometh- 
ane, 27 fiL (0.180 mmole) of l,8-diazabicyclo[5.4.0]undec-7-ene (DBU) is added and the 
mixture stirred at room temperature for 60 minutes. 

For work-up, the reaction mixture is treated with 1 M sodium dihydrogen phosphate buffer, 
pH 4.5, and the aqueous phase is extracted four times with ethyl acetate. The combined 
organic phases are washed with saturated sodium chloride solution, dried over sodium sulfate 
and the solvent is removed. After elimination of the solvent, the resulting crude product is 
dissolved in 1 mL of methanol, treated with 200 fiL of ammoniacal methanol solution (2 
mmole of NH 3 /mL of methanol) and stirred overnight at room temperature. For work-up, 
the solvent is removed in vacuum. 

Yield : 4 mg (22%) 

R , (Dichlorom ethane/acetone. 85:15): 0.46 

IR (Film) t ny - 3445 (w, br, Sch) , 2950 (vs, br, Sch) , 

1717 (vs, Sch), 1644 (w), 1466 (m, Sch), 
1370 (m, SCh) , 1267 (s, br, Sch) , 1179 
(s, Sch), 984 (s, Sch), 860 (w) , 733 (m) 
cm" 1 

uv (Methanol) ♦ lambda^ (lg epsilon) « 210 (4.16) nm. 

MS (20/70 eV) ♦ m/e (%) - 475 (28 [M+] ) , 380 (21) , 322 (37) , 318 

(40), 304 (66), 178 (31), 166 (100), 151 
(29), 140 (19), 96 (38), 81 (20), 57 
(26). 
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High resolution: C^OjNS calculated: 475.2392 for [M + ] 

found: 475.2384 

Example 9: 
Compound 6b 

3,7-Di-O-formyl-epothilone A, 50 mg (0.091 mmole), is dissolved in 1 mL of dichloroeth- 
ane, 2 mL (0.013 mole) of l,8-diazabicyclo[5.4.0]undec-7-ene (DBU) is added and the 
mixture stirred for 12 hours at 90 8 C. 

For work-up, the reaction mixture is treated with 1 M sodium dihydrogen phosphate buffer, 
pH 4.5, and the aqueous phase extracted four times with ethyl acetate. The combined 
organic phases are washed with saturated sodium chloride solution, dried over sodium sulfate 
and the solvent removed. The purification of the crude product, which consists of two com- 
pounds, is done with the aid of preparative layer chromatography (solvent: dichloromethane- 
/acetone, 90:10). 

Yield : 7 mg (15%) 

Substance code 

Rf fPichloromethane/acetone. 90:10): 0.62 

IR (Film) t ny - 2951 (m, br, Sch) , 1723 (vs) , 1644 (w, 

br, Sch) , 1468 (w) , 1377 (w) , 1271 (ra, 
br, Sch) , 1179 (s) , 987 (m, br, Sch) , 735 
(w, br, Sch) cm" 1 . 

uv methanol) ? lambda,^ (lg epsilon) - 210 (4.44) nta. 

MS (20/70 «V) : m/e (%) - 503 (68 [M*] ) , 408 (58), 390 (32), 334 

(25), 316 (34), 220 (21), 206 (27), 194 
(20), 181 (33), 164 (100), 151 (34), 139 
(28), 113 (20), 96 (82), 81 (33), 67 
(24), 55 (26), 43 (22). 
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High resolution : C^O^S 



calculated: 
found: 



503.2342 for [M + ] 
503.2303 



Example 10: 
Compound 6c 

3,7-Di-O-acetyl-epothilone, 5 mg (0.009 mmole), is dissolved in 1 mL of methanol, 150 jiL 
of an ammoniacal methanol solution (2 mmole of NH 3 /mL of methanol) is added and the 
mixture stirred overnight at 50°C. 

For work-up, the solvent is removed in vacuum and the crude product is purified with the aid 
of preparative layer chromatography (solvent: toluene/methanol, 90: 10). 

Yield : 3 mg (67%) 

(Dichloromethane/acetone. 90:10V . 0.55 

IS LZilmLi. ny - 2934 (s, b, Sch) , 1719 (vs, b, Sch) , 1641 

(m), 1460 (m, Sch), 1372 (s, Sch), 1237 
(vs, b, Sch), 1179 (s, Sch), 1020 (s), 
963 (s, Sch), 737 (vs) cm" 1 . 

UV (Meehanol) t lambda^ (lg epsilon) » 210 (4.33) nm. 

MS (20/70 eV) : m/e (%) - 517 (57 [M*] ) , 422 (58), 318 (31), 194 

(20), 181 (34), 166 (100), 151 (31), 96 
(96), 81 (32) , 69 (27), 55 (29) , 43 (69). 

High resolution ; CuH 3 ANS calculated: 517.2498 for [M + ] 

found 517.2492 

Example 11: 
Compound 7a 

Epothilone, 20 mg (0.041 mmole), is dissolved in 0.5 mL of methanol, 0.5 mL of 1 N 
sodium hydroxide is added and the mixture stirred for 5 minutes at room temperature. 
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For work-up, the reaction mixture is treated with 1 M phosphate buffer, pH 7, and the 
aqueous phase is extracted four times with ethyl acetate. The combined organic phases are 
washed with saturated sodium chloride solution, dried over sodium sulfate and the solvent is 
removed. The purification of the crude product is done with the aid of preparative layer 
chromatography. (Solvent: dichloromethane/methanol, 85:15). 

Yield : 11 mg (52%) 

R f (Dichlorom ethane/methanol. 85:15): 0.92 

IR (Film) ; ny . 3438 (s, br. Sch), 2971 (vs, br, Sch), 

1703 (vs), 1507 (in), 1460 (s, Sch), 1383 
(m, Sch) , 1254 (w) , 1190 (w, br, Sch) , 
1011 (w, br, Sch) , 866 (w, br) , 729 (s) 
cm" 1 

MS (20/7Q gVl ; m/e (%) » 423 (0.1 [M*] ) , 323 (4), 168 (89), 140 

(100) , 85 (31) , 57 (67) . 

High resolution : C 23 Hj 7 0 4 NS calculated: 423.2443 for [M*] 

found: 423.2410 

Example 12: 
Compound 7b 

5 mg (0.009 mmole) of 7-O-acetyl-epothilone is dissolved in 1 mL of methanol, 200 nL of • 
an ammoniacal methanol solution (2 mmole of NH 3 /mL of methanol) is added and the 
mixture is stirred for 2 days at 50*C. For work-up, the solvent is removed in vacuum. The 
purification of the crude product is done with the aid of preparative layer chromatography 
(solvent: toluene/methanol, 90:10). 

Yield : 3 mg (59%) 
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R, (Dichloromethane/methannl Q0:10V 0.63 

TR (Film) t ny - 3441 (m, b, Sch) , 2946 (s, Sch) , 1732 

(vs) , 1600 (w) , 14S1 (m) , 1375 (tn) , 1246 
(s, b, Sch), 1013 (m, b, Sch) cm" 1 

UV (Mechanol) r lambda,^ (lg epsilon) - 211 (3.75), 247 (3.59) 
nm. 

MS (20/70 eV) t m/e (%) - 567 (1 (M + l) , 465 (4), 422 (7), 388 

(5), 194 (5), 182 (7), 168 (65), 164 
(17), 140 (100), 97 (10), 71 (22), 43 
(27) . 

High resolution : Q^OgNS calculated: 567.2866 for [M + ] 

found: 567.284? 

Example 13: 

Epothilone A, 50 mg, is dissolved in 20 /tL of dimethyl sulfoxide and diluted with 30 mL of 
phosphate buffer (pH 7.1, 30 mM). After addition of 5 mg of pig liver esterase (Boehringer 
Mannheim), the mixture is stirred for 2 days at 30°C. It is acidified with 2 N HC1 to pH 5 
and the epothilonic acid 7 is extracted with ethyl acetate. The organic phase is dried with 
sodium sulfate and evaporated to dryness in vacuum. Yield 48 mg (96%). 

Example 14: 

Epothilonic acid 7, 48 mg, is dissolved in 6 mL of absolute THF and 40 /iL of triemylamine 
and 16 of 2,4,6-trichlorobenzoyl chloride are added under stirring. After 15 minutes, the 
precipitate is filtered off arid, within 15 minutes, under rapid stirring, it is added dropwise to 
a boding solution of 20 mg of 4^imemylaminopyridine in 200 mL of absolute toluene. 
After another 10 minutes, the mixture is evaporated in vacuum and the residue is partitioned 
between ethyl acetate/citrate buffer (pH 4). The evaporation residue of the organic phase 
gives 15 mg of epothilone A after preparative HPLC separation. 
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Example 15: 

Epothilone C and D as starting compounds 

A. Production stock and culture conditions corresponding to the basic epothilone patent 

B. Production with DSM 6773 

A culture, 75 L f is raised as described in the basic patent and was used for inoculating a 
production fermenter with 700 L of production medium consisting of 0.8% starch, 0.2% 
glucose, 0.2% soy meal, 0.2% yeast extract, 0.1% CaCl 2 -2H 2 0, 0.1% MgS0 4 -7H 2 0, 8 
mg/L of Fe-EDTA, pH = 7.4 and optionally 15 L of adsorbent resin Amberlite XAD-16. 
The fermentation takes 7-10 days at 30°C, aeration with 2 m 3 of air/hour. The p0 2 is kept 
at 30% by adjusting the rate of rotation. 

C. Isolation 

The adsorber resin is separated from the culture with a 0.7 m 2 , 100 mesh process filter and 
the polar accompanying substance is removed from it by washing with 3 bed volumes of 
water/methanol 2: 1. Upon elution with 4 bed volumes of methanol, a crude extract is 
obtained, which is evaporated in vacuum until the appearance of the water phase. This is 
extracted three times with the same volume of ethyl acetate. Evaporation of the organic 
phase gives 240 g of crude extract, which is partitioned between methanol and heptane in 
order to remove any lipophilic accompanying substances. Thus, 180 g of raffinate is 
obtained from the methanol phase by evaporation in vacuum; this is fractionated into three 
portions on Sephadex LH-20 (volume 20 x 100 cm, 20 mL/min methanol). The epothilones 
are contained in the fraction eluted with a retention time of 240-300 minutes, a total amount 
of 72 g being obtained. To separate the epothilones, the product is chromato graphed in three 
portions on Lichrosorb RP-18 (15 /xm v column 10 x 40 cm, solvent 180 mL/minute metha- 
nol/water 65:35). After epothilone A and B, epothilone C is eluted with R< = 90-95 minutes 
and epothilone D with 100-110 minutes and after evaporation in vacuum, they are obtained 
as colorless oils, each in an amount of 0.3 g. 
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D. Physical properties 

R 




Epothilone C R = H 
Epothilone D R = CH 3 

Epothilone C 

C 26 H 39 NOjS [477] 

ESI-MS: (positive ions): 478.5 for [M+HT 
'H and l3 C see NMR table 
TLC: R f = 0.82 

TLC-aluminum foil 60 F 254 Merck, solvent: dichloromethane/methanol = 9: 1 

Detection: . UV extinguishing at 254 nm. Spraying with vaniUin-sulfuric acid reagent, 
blue-gray coloration upon heating to 120°C. 

HPLC: R<: 11.5 min 

Column: Nucleosil 100 C-18 7/im, 125 x 4 mm 
Solvent: methanol/water = 65:35 
Flow rate: 1 mL/min 
Detection: diode array 
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Epothilone D 
C 27 H 4l NO s S [491] 

ESI-MS: (positive ions): 492.5 for [M+HT 
l H and l3 C, see NMR table 
TLC: R, = 0.82 

TLC-aluminum foil 60 F 254 Merck, solvent: dichloromethane/methanol = 9: 1 

Detection: UV extinguishing at 254 nm. Spraying with vanillin-sulfuric acid reagent, 
blue-gray coloration upon heating to 120°C. 

HPLC: R, = 15.3 min 

Column: Nucleosil 100 C- 18 Ipm, 125 x 4 mm 
Solvent: methanol/water = 65:35 
Flow rate: 1 mL/min 
Detection: diode array 
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Table: 'H and ,3 C-NMR data of epothilone C and epothilone D in [D 6 DMSO at 300 MHz 





Epothilone C 






Epothilone D 






H-Atom 


5 


C-Atom 


b 


6 


C- Atom 






(ppm) 




f m0t . mm 1 

(ppm) 


(ppm) 




(ppm) 






1 


170.3 




1 


170.1 


2 -Ha 


2.38 


2 


38.4 


2.35 


2 


39.0 


2-Hb 


2. SO 


3 


71.2 


2.38 


3 


70.8 


3-H 


3.97 


4 


53.1 


4.10 


4 


53.2 


3 -OH 


5.12 


5 


217.1 


5.08 


5 


217.4 


6-H 


3 .07 


6 


45.4 


3 .11 


6 


44.4 


7-H 


3 .49 


7 


75.9 


3 .48 


7 


75.5 


7-OH 


4 .46 


a 


35.4 


4.46 


8 


36.3 


a-H 

q — r* 


1.34 


9 


27.6 


1.29 


9 


29.9 


9- Ha 


1.15 


10 


30.0 


1.14 


10 


25.9 


9 -Hb 


1.40 


n 


27.6 


1.38 


11 


31.8* 


10 -Ha 


1.15* 


12 


124.6 


1.14* 


12 


138.3 


10-Hb 


1.3S* 


13 


133.1 


1.35* 


13 


120.3 


ll-Ha 


1.90 


14 


31.1 


1.75 


14 


31.6* 


11 -Hb 


2.18 


15 


76.3 


2.10 


15 


76.6 


12-H 


5.38** 


16 


137.3 




16 


137.2 


13-H 


S.44** 


17 


119.1 


5.08 


17 


119.2 


14 -Ha 


2.35 


18 


152.1 


2.30 


18 


152.1 


14 -Hb 


2.70 


19 


11T.7 


2.65 


19 


117.7 


1S-H 


5.27 


20 


164.2 


5.29 


20 


164.3 


17-H 


6.50 


21 


18.8 


6.51 


21 


18.9 


19-H 


7.35 


22 


20.8 


7.35 


22 


19.7 


21-H, 


2.65 


23 


22.6 


2.65 


23 


22.5 


22-Hj 


0.94 


24 


16.7 


0.90 


24 


16.4 


23-Hj 


1.21 


25 


18.4 


1.19 


25 


18.4 


24-H, 


1.06 


27 


14.2 


1.07 


26 


22.9 


25-H, 


0.90 






0.91 


27 


14.1 


26-Hi 








1.63 






. 27-H, 


2.10 






2.11 







*, ** Assignment interchangeable. 
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Example 15: (This should be Example 16] . 

Epothilone A and 12,13-bisepi-epothilone A from epothilone C 

Epotbilone A, 50 mg, is dissolved in 1.5 mL of acetone and 1.5 mL of a 0.07 molar solution 
of dimethyldioxiran in acetone is added. After standing for 6 hours at room temperature, it 
is evaporated in vacuum and separated by preparative HPLC on silica gel (solvent: methyl- 
tert.butyl ether/petroleum ether/methanol 33:66:1). 

Yield: 

25 mg epothilone A, R, = 3.5 min (analyt. HPLC, 7 pm, column 4 x 250 mm, solvent see 

above, flow rate 1.5 mL/min) 

and 

20 mg of 12,13-bisepi-epothilone A, R< = 3.7 min, ESI-MS (positive ions) 
m/z = 494 [M+HT 

'H-NMR in [DJ methanol, selected signals: 

A=» 4.32 (3-H), 3.79 (7-H), 3.06 (12-H), 3.16 (13 : H), 5.54 (15-H), 6.69 (17-H), 
1.20 (22-H), 1.45 (23-H). 



R 




12,13-bisepi-epothilone A R = H 
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Patent Claims 



1. Epothilone derivative having Formula 1 

R 




1 

where R = H, C M -alkyl; R l , R 2 = H, C^-alkyl, C^-acyl, benzoyl, C M -trialkylsilyl, 
benzyl, phenyl, C l-6 -alkoxy, C 6 -alkyl-, hydroxy- and halogen-substituted benzyl or phenyl; 
and the alky 1 and acyl groups in these groups are straight-chain or branched groups and Y 
and Z are either the same or different and stand for hydrogen, halogen, pseudohalogen, OH, 
(MC^-acyl, 0-(C^-allcyl or O-benzoyl or together form the O-atom of an epoxide or one 
of the C-C bonds form a C=C double bond, where epothilone A and B are excepted. 

2. Epothilone derivative having formula 2 
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where R = H, C M -alkyl; R 1 , R 2 , R 3 = H, C 1-s -alkyl, C^-acyl, benzoyl, C M -trialkylsilyl, 
benzyl, phenyl, C^-alkoxy-, C 6 -alkyl-, hydroxy- and halogen-substituted benzyl or phenyl; 
the alkyl and acyl groups contained in these groups are straight-chain or branched groups and 
> Y and Z have the meaning according to Claim 1. 

3. Epothilone derivative according to formula 3 

R 




3 

where R = H, C M -alkyl; R l , R 2 = H, C^-alkyl, C,^-acyl, benzoyl, C M -trialkylsilyl, 
benzyl, phenyl, C^-alkoxy-, C 6 -alkyl-, hydroxy-, and halogen-substituted benzyl and phenyl; 
the alkyl and acyl groups contained in these groups are straight-chain or branched groups and 
X stands generally for -C(O)-, -C(S)-, -S(O)-, -CR'R 2 - and -SiRj-, where R, R l and R 2 have 
the meaning given above and R' and R 2 together can also form an alkylene group with 2 to 6 
carbon atoms; and Y and Z have the meaning according to Claim 1. 

4. Epothilone derivative according to formula 4 



R 




4 
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where R = H, C M -alkyl; R l , R J , R J , R 4 , R 5 = H, C M -alkyl, C.^acyl, benzoyl, C M - 
trialkylsilyl, benzyl, phenyl, C^-alkoxy-, C 6 -alkyl-, hydroxy- and halogen-substituted benzyl 
or phenyl; the alkyl and acyl groups contained in these groups are straight-chain or branched 
groups; X stands for oxygen, NOR 3 , N-NR 4 R 5 , and N-NHCONR 4 R 3 , where the groups R 3 to 
R s have the meaning given above and R 4 and R 3 together can form an alkylene group with 2 
to 6 carbon atoms; and 

Y and Z have the meaning according to Claim 1. 
5. Epothilone derivative having formula 5 



R 




where R = H, C M -alkyl; R 1 , R* = H, C w -alkyl, C^acyl, benzoyl, C M -trialkylstfyl, 
benzyl, phenyl, C^-alkoxy-, Q-alkyl-, hydroxy- and halogen-substituted benzyl or phenyl;' 
the alkyl and acyl groups contained in these groups are straight-chain or branched groups and 
X stands for hydrogen, C t . tt -alkyl, C,., r acyl, benzyl, benzoyl and cinnamoyl and 
Y and Z have the meaning according to Claim 1. 
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6. Epothilone derivative according to formula 6 

R 




in which R = H, C M -alkyl and R\ = H, C^alkyl, C M -acyl, benzoyl, C M -trialkylsilyl, 
benzyl, phenyl, C^-alkoxy-, C 6 -alkyl-, hydroxys and halogen-substituted benzyl or phenyl; 
the alkyl and acyl groups contained in these groups are straight-chain or branched groups; 
and Y and Z have the meaning given in Cairn 1. 

7. Epothilone derivative according to formula 7 




7 

in which R - H. C M -alkyl; and R 1 , R*. R 3 , R 4 = H, C^-alkyl, C t ^-acyl, benzoyl, C M - 
trialkylsilyl, benzyl, phenyl, C^-alkoxy-, C 6 -alkyl-, hydroxy- and halogen-substituted benzyl 
or phenyl; the alkyl and acyl groups contained in these groups are straight-chain or branched 
groups; and Y and Z have the meaning according to Claim 1. 
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8. Method for the preparation of an epothilone derivative having formula 7, according to 
Claim 7, characterized by the fact that epothilone A, epothilone B, a 3-OH-protected 
derivative of these or a 7-OH-protected derivative of these is 

(a) hydrolyzed enzymatically, especially with an esterase or lipase, or 

(b) is hydrolyzed in an alkaline medium, especially with sodium hydroxide, in a metha- 
nol/water mixture, and the epothilone derivative having formula 7 is obtained and isolated. 

9. Method for the preparation of an epothilone derivative having formula 2, according to 
Claim 2, characterized by the fact that an epothilone derivative having formula 7, according 
to Claim 7, or as product of the method according to Claim 8, is converted into the epothi- 
lone derivative having formula 2 according to 

(a) the Yamaguchi method or 

(b) the Corey method or 

(c) the Kellogg method 

and then this conversion product is isolated. 

10. Method for the preparation of epothilone A and/or 12, 13-bisepi-epothilone A, 
characterized by the fact that epothilone C is epoxidized, especially with dimethyl dioxiran or 
a peracid. 

1 1 . Method for the preparation of epothilone B and/or 12, 13-bisepi-epothilone B, 
characterized by the fact that epothilone D is epoxidized, especially with dimethyldioxiran or 
a peracid. 

12. Means for plant protection in agriculture and forestry and/or in gardening, consisting 
of one or several of the compounds according to one of the previous Claims, or according to 
one or several of these compounds together with one or several usual carriers) and/or 
diluent(s). 

13. Therapeutic agent, especially for use as cytostatic agent, consisting of one or several 
of the compounds according to one or several of Claims 1 to 7, or one or several compounds 
according to one or several of Claims 1 to 7 together with one or several of the usual 
carriers) and/or diluent(s). 
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Summary 

/ • 

The present invention is concerned with epothilone derivatives and their application. 



33 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

Q IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 
FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS ' \ 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



